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The  Universal  Transverse  Mercator  (UTM)  international,  planar, 
grid  system  is  described  and  shown  to  offer  greater  simplicity,  ef- 
ficiency and  accuracy  for  plotting  wildlife  locations  than  the  more 
familiar  Latitude-Longitude  (Latilong)  and  Section-Township-Range 
(Cadastral)  systems,  and  the  State  planar  system.  Use  of  the  UTM 
system  is  explained  with  examples. 
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Management  Implications 

The  UTM  grid  system  is  available  on  most  maps  cur- 
rently used  in  wildlife  work,  easy  to  learn  and  to  teach, 
simple  to  use,  computer  compatible,  and  readily  ad- 
justable to  varying  degrees  of  required  accuracy,  both 
during  field  recording  and  later  analysis.  Because  of  this 
inherent  flexibility  for  analysis  along  with  the  system's 
simplicity  and  accuracy,  the  UTM  system  is  recom- 
mended for  recording  wildlife  locations,  especially  when 
computerized  mapping,  distribution  plotting,  or  similar 
quantitative  analysis  is  intended. 


Introduction 

The  Latitude-Longitude  (Latilong)  and  the  Section- 
Township-Range  (Cadastral)  systems  are  the  two  most 
familiar  and  common  means  of  describing  geographic 
locations.  Latilong,  traditionally  used  worldwide  for 
navigation,  has  been  adopted  by  the  U.S.  Fish  &  Wildlife 
Service  and  the  Canadian  Wildlife  Service  for  identify- 
ing locations  of  bird  band  recoveries  (CWS  1984).  While 
this  system  is  standard  across  international  borders,  it 
has  the  disadvantages  of  being  in  base  6,  using  cur- 
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vilinear  coordinates,  and  requiring  multiple  labels 
(degrees,  minutes,  seconds)  to  identify  specific  points. 

The  Cadastral  system  is  also  encumbered  with  multi- 
ple labels  (section,  township,  range)  and  a  tedious, 
somewhat  obscure  means  of  locating  small  areas  (1/4, 1/4, 
. . .  section).  This  planar  system  is  limited  to  areas  in  the 
United  States  surveyed  by  the  Government  Land  Office. 
Both  systems  appear  on  U.S.  Geological  Survey  (USGS) 
topographic  maps,  but  neither  is  conducive  to  the  effi- 
cient field  data  recording  or  computerized  analysis  often 
necessary  in  wildlife  studies. 

The  State  rectangular  coordinate  system  is  another 
planar  system  appearing  on  USGS  1:24,000  topographic 
maps.  It  is  usually  based  on  a  polyconic  map  projection 
and  is  expressed  in  feet.  Each  state's  coordinate  system 
is  local  to  that  particular  state,  or  portion  thereof,  as  most 
states  are  arbitrarily  divided  into  2-10  Zones.  Local 
orientation  and  measurement  in  English  units  are  signifi- 
cant limitations  to  this  approach. 

This  paper  describes  the  Universal  Transverse  Mer- 
cator (UTM)  grid  system,  which  has  received  limited  at- 
tention in  the  field  of  wildlife  management  (Lancia  1974, 
Dodge  and  Steiner  1986),  although  it  has  significant  ad- 
vantages over  the  Latilong  and  Cadastral  approaches. 
Because  the  UTM  reference  system  is  metric  (base  10), 
planar  with  rectangular  coordinates,  and  entirely 
numerical,  it  offers  simplicity  of  use,  improved  accuracy 
and  precision,  and  computer  compatibility.  UTM  grid 
lines  or  marginal  tick  marks  appear  on  all  U.S.  Army 
Topographic  Command  (formerly  Army  Map  Service, 
AMS)  and  USGS  topographic  maps  (Strahler  1951, 
Dickinson  1969). 
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System  Description 

The  UTM  system  is  an  international,  plane  (rec- 
tangular), coordinate  system  developed  by  the  U.S.  Army 
for  both  military  and  civilian  use  (U.S.  Army  1969).  From 
84  degrees  North  to  80  degrees  South,  the  world  is  di- 
vided into  60  Zones,  each  covering  6  degrees  longitude. 
(The  comparable  Universal  Polar  Stereographic  (UPS) 
system  is  used  from  84  degrees  North  and  80  degrees 
South  to  the  respective  poles.)  Each  UTM  Zone  extends 
3  degrees  eastward  and  3  degrees  westward  from  its  Cen- 
tral Meridian.  Zones  are  numbered  consecutively  west 
to  east  from  the  180-degree  meridian.  Ten  of  these  Zones, 
from  Zone  10  on  the  west  coast  through  Zone  19  on  the 
east  coast  (fig.  1),  span  the  continental  United  States  (Rice 
1974,  Lee  and  Walsh  1984). 

Within  each  Zone,  Easting  (UTM  longitudinal  compo- 
nent) is  measured  from  the  Central  Meridian,  which  is 
always  designated  500,000  m;  and  Northing  (UTM 
latitudinal  component)  is  measured  from  the  Equator, 
which  is  the  Northern  Hemisphere  zero  reference.  The 
interval  between  UTM  grid  lines  is  1000  m  in  both  direc- 
tions. On  USGS  topographic  maps,  a  3— digit  number  (one 
small  and  two  large)  appears  next  to  each  tick  mark  or 
grid  line  on  the  east-west  margins,  and  a  4— digit  number 
(two  small  and  two  large)  next  to  the  tick  marks  or  grid 
lines  on  the  north-south  margins  (fig.  2).  These  numbers 
represent  million  (north-south  axis  only),  hundred  thou- 
sand, ten  thousand,  and  one  thousand  meters  from  the 
Equator  and  Central  Meridian.  These  figures  increase 
to  the  east  (right)  and  to  the  north  (up).  Thus,  in  record- 
ing a  UTM  location,  one  should  "read  right  up." 


System  Use 

A  location  is  identified  by  the  UTM  coordinates  of  the 
southwestern  corner  of  the  grid  cell  containing  that  loca- 
tion. UTM  permits  locating  points  to  within  1-m  cells; 
but  the  accuracy  of  the  system,  i.e.,  minimum  grid  cell 
size,  can  be  varied.  A  location  can  be  recorded  to  the 
nearest  10, 100,  or  even  1000  m,  or  to  whatever  cell  size 
is  appropriate  (e.g.,  25,  40,  250  m).  For  example,  point 
A  in  figure  2  is  located  in  the  1000-m  grid  cell 


ZONE    10      11      12      13      14      15      16      17      18  19 


114°  108°         102°        96°         90°         84°  78° 

Figure  1.— Zones  of  the  Universal  Transverse  Mercator  grid  in  the 
United  States  (from  Muehrcke  1978). 


Figure  2.— Sample  portion  of  a  USGS  topographic  map  showing 
UTM  marginal  notations,  as  well  as  an  overlay  scale  positioned 
to  locate  Point  A.  The  UTM  description  for  Point  A  is 
1 2/568740/3721 170(Zone  [not  shownj/Easting/Northing). 

568,000/3,721,000;  the  100-m  grid  cell  568,700/3,721,100; 
and  the  10-m  grid  cell  568,740/3,721,170.  Any  grid  cell 
(or  location)  can  be  identified  with  a  unique  15-digit 
number:  the  first  2  digits  identifying  Zone,  the  next  6 
Easting,  and  last  7  Northing.  In  practice,  Zone,  which 
is  printed  in  the  lower  left  corner  of  most  USGS 
topographic  maps,  rarely  changes  within  a  study  area 
and,  therefore,  is  often  omitted  when  recording  study 
locations.  Drawing  1000-m  grid  lines  (on  older  maps 
lacking  them)  by  connecting  corresponding  marginal 
ticks  facilitates  UTM  recording,  especially  when 
repeated  locations  will  be  recorded  on  the  same  map. 
Alternatively,  a  straight-edge  or  framer's  square  (large 
carpenter's  right  angle)  can  be  used  to  locate  grid  cells 
when  permanently  drawing  grid  lines  is  inappropriate. 
A  clear  plastic,  overlay-type,  scale  card,  available  com- 
mercially and  from  some  government  offices,  will  aid 
in  determining  the  last  3  digits  for  both  Easting  and 
Northing  values.  The  overlay  must  have  the  same  scale 
as  the  map  being  used;  however,  most  overlay  cards  have 
several  scales  for  use  on  different  maps.  The  proper  scale 
on  the  card  is  carefully  aligned  over  the  1000-m  grid  cell 
containing  the  point  to  be  identified,  as  illustrated  in 
figure  2.  This  alignment  allows  reading  the  Easting  and 
Northing  directly  from  the  scale  where  it  intersects  the 
adjacent  grid  line  and  the  point  to  be  located,  respective- 
ly. Tick  marks  on  the  scale  card  in  figure  2  represent 
20-m  increments.  One  can  stop  at  that  level,  or  estimate 
to  the  nearest  10  m. 


Discussion 

The  UTM  system,  while  accurate  between  80  degrees 
south  and  84  degrees  north  latitude,  does  incorporate 
slight  scale  changes  in  the  mid-latitudes  (Avery  1977). 
Users  with  study  areas  extending  into  more  than  one 
UTM  Zone  should  be  aware  that  any  grid  corrections 
are  made  at  Zone  boundaries.  However,  as  mentioned, 
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corresponding  Zones  will  appear  on  all  maps  with  UTM 
coordinates;  and  where  necessary,  grid-to-grid  as  well 
as  system-to-system  transformation  tables  are  available 
(U.S.  Army  1957). 

In  1983-1985,  the  UTM  system  was  used  to  record  bald 
eagle  [Haliaeetus  Jeucocephalus)  foraging  locations  and 
movements  in  central  Arizona  (Grubb,  in  preparation). 
Most  data  were  collected  by  71,  USDA  Forest  Service, 
volunteer  nest  watchers  (Forbis  et  al.  1985),  who  were 
initially  unfamiliar  with  the  UTM  system.  Approximate- 
ly 2  hours  of  group  instruction  was  sufficient  to  explain, 
demonstrate,  and  practice  the  technique  prior  to  in- 
dependent, efficient  field  application.  After  the  initial 
training,  few  questions  or  problems  were  encountered, 
attesting  to  the  ease  with  which  the  system  can  be 
assimilated.  The  overall  response  was  also  positive;  the 
UTM  system  was  quickly  accepted  and  soon  preferred 
over  traditional  approaches. 

Writing  brief,  narrative  descriptions  of  locations,  or 
simply  marking  locations  on  maps,  was  often  more  effi- 
cient in  the  field  than  trying  to  determine  the  UTM, 
which  could  be  more  easily  done  at  the  end  of  the  day 
or  observation  period.  After  entering  location  data  onto 
a  computer  system,  we  were  able  to  use  exact  UTM's 
(i.e.,  20-m  cells),  100-m  cells,  or  500-m  cells  for  different 
types  or  levels  of  analyses  by  simply  truncating  or  round- 
ing the  appropriate  digits  from  the  recorded  Eastings  and 
Northings.  The  UTM  system  accommodated  volunteers 
at  each  nest  site  recording  data  as  accurately  as  possi- 
ble, while  still  permitting  ultimate  standardization  of 
location  data  between  sites,  when  necessary,  for  inter- 
site  comparisons  or  population  summaries. 
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U.S.  Department  of  Agriculture 
Forest  Service 

Rocky  Mountain  Forest  and 
Range  Experiment  Station 

The  Rocky  Mountain  Station  is  one  of  eight 
regional  experiment  stations,  plus  the  Forest 
Products  Laboratory  and  the  Washington  Office 
Staff,  that  make  up  the  Forest  Service  research 
organization. 

RESEARCH  FOCUS 

Research  programs  at  the  Rocky  Mountain 
Station  are  coordinated  with  area  universities  and 
with  other  institutions.  Many  studies  are 
conducted  on  a  cooperative  basis  to  accelerate 
solutions  to  problems  involving  range,  water, 
wildlife  and  fish  habitat,  human  and  community 
development,  timber,  recreation,  protection,  and 
multiresource  evaluation. 

RESEARCH  LOCATIONS 

Research  Work  Units  of  the  Rocky  Mountain 
Station  are  operated  in  cooperation  with 
universities  in  the  following  cities: 

Albuquerque,  New  Mexico 

Flagstaff,  Arizona 

Fort  Collins,  Colorado* 

Laramie,  Wyoming 

Lincoln,  Nebraska 

Rapid  City,  South  Dakota 

Tempe,  Arizona 


'Station  Headquarters:  240  W.  Prospect  St.,  Fort  Collins,  CO  80526 


